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SUKMARY

Tests were conducted to investigate the effect of 2-
percent additions of nine aromatic amines on the lmock-limited
performance of AW-F-28 (28-R) fuel, [nock tests were made on
nine aromatic amines gynthesizod, or purchased and purified,
at the Aircraft Engine Ressarch Laboratory., The amines are:
aniline, technical pssudocumidine, p-toluidine, o-toluidine,
m=-toluidine, M-methylaniline, H-ethyl- -toluidiﬁs,_grtert-
Butylaniline, and cumidines (from s;nﬁﬁbtic cumene)., The
Imcck-limited performance of 23-R fuel with and without 2=
perocent additions of each cof the arometic amines was deter-
mined in a CFR engine under threuv sets of omerating condi-
tions (including F-4 conditions). The report iresents in-
formation btaced solely upon the effeet of the amines on the
Imock-limited powsr of 23-R fuel and doec not consider other
vhases of the fuel problen,

The followinr resulis -vere obtained from this investi-
galion:

i1, Of the nine aromatio aminus investigated, p-toluidine
and p=-tert-butylaniline gave the best over-all improvement in
the EhocE-limited power of 28-R fuel at the three sets of en-
glne conditions tested,

2. The aromatic amines iha® might be of Interest as
antilmock agents are p=-toluldine, p-tert-butylaniline, tech-
nical pseudooumidine, m-toluidine, N-meThylaniline, and cumi-
dines, -



INTROUUCTION

The data presented in this report are part of a general
program being conducted at the request of the Army Air Forces,
Materiel Command, to determine the eifectiveness of aromatic
aminee as fuel additives.

Thiz rceport, vart IT of a series of five reports pre-
sontirg knock date on a total of 48 aromatic amines, includes
test results on 9 amines, Limited data on one of them (ani-
line) were givon in part I (reference 1), EKnock in a CFR
engine is the only criterion used sn this renort for ovalu-
ating the omines as additives in 282 fuel., Reports, such
as reoference 2, dealing srith the proeparation and the physical
and chemical properties of the amines are also being published
by this laboratory.

This prozram 1s beins conducted at the Alrcrart Engine
Research Laboratory of the NALGA at Cloveland, thio. The data
presentod in this revort were obtained during April 1944,

APPARATUS AND TEST PROCEDURE

IExcept [or the cumidincs and the technical peeudocumidine,
the aromatic amines testod in this prorram wore distilled
arourh e fractionating column, aud a narrow fraction (approxi-
mately 1° G) ir the midule of the boiliny runre was seleciod,
The preparation of the amines was zarried on undo: thc direo-
tion of Dr. W. T. Olson of tho laboratory steff.

The knock tusts were performed nn a CFR (F-4) engine equip-
ped with tiwo indopendent fuel gycieis as describod in reforence
1. Inasmuch as this series of toszswe was a continuation of the
prosram started in part I (reference 1) of this project, the
procoduro and the sugine conditions were not alterod, It vas
necessary, howover, to nse a dilffo:ent -enzine and operator for
the second part of thiz program. Tie base stoolr, 28-R (AL-F.-28)
fuol, was chosen becouso of its availability to othcr lahoratories.

The ‘threc sots of opecrat.ng condiit.ons, as discussod in
reference 1, ircro used in thuse tesi:. Thoy are as follows:

~
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Inlet-alr Soark advance Coolant
temperature (deg B.T.C.) temporature
(°F) (°F)
F-4 method 226 4b 376
Modification A 260 30 260
Modification B 160 30 260

At each of those sets of conditions, O~ and 2-percent
additions of the aromatio auines ~..ero testecd in 28-R fuel on
the same day. Minor differences in the 28-R curves plotted
throughout the projeot were observed.

DISCUSBTON OF RESULTS

Figure 1 prosents the 28-~R duta under F-4 oond¥tions and
tho corrosponding bracketing 8-3 reforcnco curves., Tho rich-
region F-4 rating for this fuol is S + 1,42 ml TEL or 132 per=-
formance numbor,

The lmock=-limited performanco data of tho aromatio emines
is shown in figzures 2 to 10, ‘lach figure compareos the eoffects
of the transition from severo to mild test conditions on blonds
of O and 2 percent aromatic eminos and 28-R fuel,

Tablo I 1s a cummary nf the relative .owers ottalned by
tho additions of tho aromatic aminor., As was oxpcoted, the
amines chowod more scasitivity to a chango of fuel-air ratio
rndor F-4 conditions then under oithor of tho two leas sovoro
conditions., Tho aminos that gave tho most deosirable rich-
reglon response under F-4 cond.tione wore N-mothylanilino,

~toluidine, and p-tert-butylaniline, p-Toluidiae and p-tert-
utylanilino were loss semsitive to oengire conditions tho
other amines tested and showed the moct oonsistont inprovement
in tho knock-limited power at 21l fucl-air ratios-and ongine
conditions,

All the aromatic amines tested in this serles showod good
rich-mixturoc response at the modified conditions, but o-toluidine
and technical pseudocumidine were not particularly effective at
leaner mixtures. Lowering the inlot-air temporature from 250° F
to 160° T rosulted in a deoreaso in the rolative-power rating at
lean fuel-alr mixturoes for the 0=, =, and p-toluidines,




In most of the tests the indicated spocific fuel consumption
of the basa stock was the same as the consumption of tho base stvock
plus the aromatic-amine additive, In some ocases the aminec additivo
gave apparcnt economy changes, but so little material was available
for chock teste that the significance of these difforonces in indi-
cated specific fucl consumption is questionablo,

“thon sufficient guantities of test fuol wore available, F=3
ratings were also obtained. Theso rcsults are prusonted in table
II.

SUMMARY OF RECEULTS

Tho following rcsults were obtainod from tests of the anti-
knock offoctivonoss of 2-perccnt additions of nine aromatic amines
to 23-R fuol undor three sets of operating conditions in a CFR
enginos

1« Of tho nino aromatic aminos investigatod, p-toluidine
and_E-tQEE-butylanilino gave the bost over-ull improvement in tho
lmock-1limited powcr of 28-R fuel at tho throc sets of engine con-
ditions tostcd,

2e¢ Thc aromntic aminea that mizht be of intercst as anti-
knock agonts are p-toluidinc, p-tcrt-butylanilinc, tochnicul
pscudocumidine, m-toluidine, H-mctiylaniline, and cumidines.

Aircraft Engine Rcscarch Laboratory,
Notional Adviso-y Committoo for Avronautics,
Clevoland, Ohlio, June 26, 1944,
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E—é ¥ethod: inlet-air temperature, 225° F; coolant temperature, 3760 F;
]

fodification B:

TABLE I - SUMMARY OF ANTIKNOCK EFFECTIVENDCS OF AROCMATIC-AMINE ADDITIONS TO 28-R FUEL

T
dification A: inlet-air tempcrature, 260° F; coolant tempsrature, 250° F; spark advance, 30° B,T
T

inlet-air temperature, 150° F; coolant temperature, 2500 ¥;

spark advance, 30°:B,T,

Arometic amines
(z-percent addi-

Relatlve ;owor =

imep (aromatic amine pluc AN~F-28)

imep (AN-F-28)

Fuel-air ratio

tion to 28-F fuel) 0,062 0.070 0.090 0,110
2 d[ﬁbdi Vodi-| Pt | Modi Modid F-a |Modid Modid Fet | Hodid 1odi-
method] fica-] fira~| meti:cd] fica~| ficad method{ fica4 ficad method fica- fica~
tion | tion tion | tion tion | tion tion t::l.en

A 3 A B A B A R
28-R (AH-F~28) ~1400} 1,00 { 1,00 | 1.00{1,00{1.,00| 1.00| 1.00} 1.00{ 1.00! 1.00} 1.00
Aniline 1.00{ 2,08 | 1,13 | .87}1,07|1,15{ 1,08{1.12|.1.16} 1.09} 1.11] 1,14
Technical

pseudocumidine .96|1.,0211,08] .94{1,02]{1.09| .99]1,11}1.09] 1.06} 1.08}1.13
~Toluidine 1,05} 1,08 | 1,02 | 1.06)1,18}1.21| 1,09} 1,13} 1,12 1.11{ 1.14]1.11
0~Toluidine 881108 {100 ,92)1.,03]1.04) .99}1,08}1.10} 1,07} 1.09]}1.15
m-Toluldine 981,15 {1,09| .96)1,16|1,09{ 1.,06]1.08]1.10| 1.09] 1,06 1,11
F-methylaniline 951,11 1.0 ,99}{1,156}1,13}| 1,05{1.,16] .11 1.1¢{ 1.12 1,10
N-etiryl-p~toluidine| 3,00 | 1.04¢ |1.07 | .93|1,06]1,06| .99}1.,04}1,07| 1.02] 1,04 {1,086
tert-Butylaniline| 3,06 | 1.02 [ 1.09 | 1.03}1.02 | 1,11} 1.081.67]1,08 1,11]1,12 1,10
ﬁg%gégggigfgg:éne) 83 1,08 [ 1,06 | .02 {1,05{1,08} 1.00{1,10{1.10| 1,05} 1,13 ]1.08

National Advisory Commlittee
for heronauvtics

spark advance, 45° B,T,C,




TABLE IT - F-3 RATINGS NF 2-I'BRCENT BLENDS OF AROMATIC

AMINES AFD 28-R FUEL

Aromatic amines F-3 Ratings
- dditi t N
gg_ﬁe;?’:?; adéition To S=3+ ml TEL |Performance
] . e number
28=R 0 100
Aniline 213 106
N-ethylep-toluidine 05 | 102
~tert-Butylaniline «10 104
g’umi dines (from synthe- .16 106
tio oumene)

National Advisory Committee
for jreronautics
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(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.; cool-
ant temperature, 37

Figure 2. - Effect of addition of 2-percent aniline t¢ Z8-R fusl on

59 F.

0il temperature,

i85° F.

- LB B ARAAJ LA S A LA L LS ARSI RALAS 1S A 8RS RASES A L ARS ""d-
- NATIONAL AD\EIISORYT'CS' I 3
o COMMITTEE FOR AERONAD 1
- —= .
F Lo 3
. //ﬁ ~ * 3
C A AfﬁJu ]
oy rd .
g ° 2
9 3
s ]
q /jﬁ ]
SN 7
;1.0"\cL g 2
F .9 ¥ ]
= /S 3]
c / 3
3 g :
- .3 / 3
% ) ;
3 {// 3
- L7 ./ R
- / ]
F [ ]
F .6 54 ]
- o o ek | ]
- g Pe-R |r 2-gercent antliine B
K r-y ]
o 4] ,
E 4] g J
L TN s
3 ; 3
- v 3
o / oo~ 3
b .} Py |
C /V7 ™~ 3
o o 3
- y 3
s / 3]
: e ]
o b
s 3
- /7 3
3 A 3
b -~ = -

; 22220 222 22 4401420 AAJ_‘%LIJ 424 fSN) L L Jid Al ISSPI NN NPV ¥

. — . . . ‘15 % 1 : .

Engine speed. 180U Trpm;



": - 60 LAR | AR AR Trry Ty \AAENSARANARALS vy AL BAJ LA RS LA LA
Ta NATIONAL ADVISORY — 'rﬂ— 3
. CCMMITTEE FCR AERONAUTICS .
CE 3 —t—~ f—— 3
TE  SoF 4
> - -
2. 9 3
e s -4
T a o \
5 E 1] .
R 4o .
E -
F b
E 1.0 p
]
9 // 3
- -
E .9 ]
/ :
< b
A L s / 3
] P
&t A 3
5 f , -
2 F .7 / 3
L - -
F .6 o] ]
" }; o PR 3
o a 8-R # 2-gsrge ine h
L okf E
.5 / p
[+) -
E 9 ]
7] <
- &'ED—_' n
240 p—= 3
E ,/D" 3
o / \\
. e220F N, .
[ - ]
-l - -
g - a N 3
~ - :
= E 7 P \ 3
- 200 > -
& o / ]
A o Q N, 3
T o \ .
a N 3
= 1soF /// 3
-l -
pot E 3
& o N 3
H C 3
£ E 3
160
E Yo |/ 3
< 463
: -k‘“:
1“0'1;41 aaatl agaalsadzhlada ot el daialad 1 a2 Radad i asdR A ddl dl ITVSISENNI NTUTI RN UTE
.05 067 “e07 T 08 .09 10 +11 .12 13

Figufe 2. - Continued.

Fuel-air ratio

(b) Inlet-air temperacure, 250° F; spark advance, 30° B.T.C.; cool-
ant temperature, 250° F. :

Effect of addition of 2-percent aniline to

28-R fuel on knock-limited performance of a CFR engine. Engine
speed, {800 rpm; compression ratio, 7.0; oil temperature, 185° F.
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